ABSTRACT. Hepatocellular carcinoma is one of the most common malignant tumors worldwide; it is estimated that there were 782,000 new cases in 2012. MicroRNAs (miRNAs) play an important role in carcinogenesis by regulating oncogenes and tumor suppressors. We investigated the role of miR-146a, miR-196a2, and miR-499 polymorphisms in the risk of hepatocellular carcinoma in a Chinese population. Hepatocellular carcinoma patients (175) and healthy controls (302) were recruited between April 2013 and March 2015. Genotype analysis of miR-146a, miR-196a2, and miR-499 polymorphisms was carried out by polymerase chain reaction-restriction fragment length polymorphism. There was a significant difference between the genotype distribution of miR-196a2 in hepatocellular carcinoma patients and controls (c 2 = 17.23, P < 0.001). CG and GG miR-146a genotypes significantly elevated the risk of hepatocellular carcinoma compared with the CC genotype, with adjusted ORs (95%CI) of 3.05 (1.07-8.70) and 4.96 (1.64-14.97), respectively. In the recessive model, the CG + GG genotype had a 3.75-fold risk of hepatocellular carcinoma compared with the CC genotype, with an adjusted OR (95%CI) of 3.75 (1.39-10.11). However, no significant association was observed between miR-196a2 and miR-499 variants and risk of hepatocellular carcinoma in the co-dominant, dominant, and recessive models. The miR-146a polymorphism is a G to C substitution that causes a mismatch in the stem-loop of miRNA, which influences how the expression and transcriptional regulation of miRNA affects its target genes. Our study revealed that the GG and CG genotypes of miR-146a increased the risk of hepatocellular carcinoma in the Chinese population.
INTRODUCTION
Hepatocellular carcinoma is one of the most common malignant tumors worldwide; it is estimated that there were 782,000 new cases in 2012 (5.6% of the total number of new hepatocellular carcinoma cases). More than 80% of cases occur in developing countries, with half arising in China (International Agency for Research on Cancer, 2012) . The etiology of the disease has been widely studied, and previous research has demonstrated that many environmental and lifestyle factors, such as hepatitis B/C virus infection, aflatoxins, long-term alcohol consumption and liver cirrhosis (Nguyen et al., 2009; Liu et al., 2012; Niu et al., 2016) . Previous studies have demonstrated that many genetic variations contribute to the risk of developing hepatocellular carcinoma, including C-reactive protein, Holliday junction recognition protein (HJURP), epidermal growth factor 61A/G, and Ghrelin and FasL genes (Lao et al., 2015; Shen et al., 2015b; Zhang et al., 2015a; Huang et al., 2016; Khalifa et al., 2016) .
Many studies on the association between microRNAs (miRNAs) and hepatocellular carcinoma have reported that miRNAs may play an important role in cancer initiation, progression, outgrowth, and drug resistance (Anwar et al., 2013; Wojcicka et al., 2014) . miRNAs belongs to a class of non-coding small RNAs that comprise 18-23 nucleotides (Reddy, 2015) . Previous studies have indicated that many miRNAs play an important role in carcinogenesis by regulating the expression of oncogenes and tumor suppressors (Zhang et al., 2015c; Zhao et al., 2016) . Polymorphisms in miRNAs can alter the expression of proteins, thereby changing their function Song et al., 2016) . Many studies have reported an association between miR-146a, miR-196a2, and miR-499 genetic polymorphisms and the development of hepatocellular carcinoma, but the results are conflicting and inconclusive (Hu et al., 2013; Shan et al., 2013; Zhou et al., 2014; Li et al., 2015a) . We carried out a study to investigate the association between miR-146a, miR-196a2, and miR-499 genetic variations and the risk of developing hepatocellular carcinoma in a Chinese population.
MATERIAL AND METHODS

Subjects
We used a case-control design for this study. A total of 175 newly confirmed hepatocellular carcinoma patients and 302 healthy control subjects were recruited from the First Affiliated Hospital of Nanjing Medical University between April 2013 and March 2015. Hepatocellular carcinoma patients were diagnosed by biopsy or resected tissues were examined by a pathologist. All diagnoses were confirmed for the purposes of the study. The exclusion criteria were patients who had a history of other malignant tumors or recurrent tumors.
Control subjects were recruited from the outpatient clinics or those attending the hospital for a regular health examination. The exclusion criteria for control subjects were those with malignant tumors, end-stage liver or renal diseases, or endocrine or digestive system diseases.
Detailed environmental, lifestyle, or clinical data were selected from medical records. The environmental and lifestyle characteristics included age, gender, cigarette smoking, alcohol consumption, and history of cancer in first relatives. The included clinical factors were alanine-transaminase (ALT), aspartate aminotransferase (AST), tumor node metastasis stage, and Child-Pugh classification. Cigarette smoking was classified into those that smoked (ever) and those that did not (never), and alcohol consumption was divided into those that drank (ever) and those that did not (never).
Each subject agreed to take part in the study and signed informed consent before recruitment. We obtained permission to conduct our study from the Ethics Committee of Jiangsu Provincial Hospital.
DNA extraction and genotyping
DNA was extracted from a peripheral venous blood sample (5 mL) obtained from each subject after enrollment into the study. The blood samples were put into tubes containing 0.5 mg/mL ethylenediaminetetraacetic acid as an anticoagulant. Extraction of genomic DNA was carried out using a TIANGEN blood DNA kit (TIANGEN Biotech Co., Ltd., Beijing, China). Genotype analysis of miR-146a, miR-196a2, and miR-499 polymorphisms was carried out by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP). The primers and restriction enzymes are shown in Table 1 and Figure 1 . The PCR cycling conditions were as follows: an initial denaturation at 95°C for 10 min; 35 cycles of denaturation at 95°C for 30 s, annealing at 62°C for 30 s, and extension at 72°C for 30 s; and a final extension at 72°C for 10 min. The PCR products of miR-146a, miR-196a2, and miR-499 were digested with SacI, MspI, and BclI restriction enzymes, respectively. The products were confirmed by electrophoresis on 1.5% agarose gel, and were observed under an ultraviolet instrument.
Statistical analysis
Comparisons of the subjects' characteristics were carried out using the chi-square (c 2 ) test. Conformity of genotype frequencies to Hardy-Weinberg equilibrium was assessed by a goodness-of-fit chi-square test. The relationships between miR-146a, miR-196a2, and miR-499 polymorphisms and hepatocellular carcinoma risk were assessed using unconditional single factor and binary logistic regression analysis, and the odds ratios (ORs) and corresponding 95% confidence intervals (95%CIs) were obtained. Spearman interaction analysis was used to investigate the relationship between the miR-146a polymorphism and demographic and lifestyle data. The SPSS 16.0 software (SPSS Inc., Chicago, IL, USA) was used to analyze the results. 
RESULTS
Comparisons of the subjects' characteristics are shown in Table 2 . The mean ages of the hepatocellular carcinoma patients and control subjects were 56.13 ± 7.60 and 54.96 ± 8.21 years, respectively. The hepatocellular carcinoma patients and control subjects were comparable in respect of age (t = 0.86, P = 0.356) and tobacco smoking (c 2 = 0.62, P = 0.431). However, the hepatocellular carcinoma group had more males (c 2 = 9.16, P = 0.002), consumers of alcohol (c 2 = 9.21, P = 0.002), individuals with a family history of cancer in first relatives (c 2 = 26.93, P < 0.001), and had higher ALT (c 2 = 416.86, P < 0.001) and AST (t = 399.72, P < 0.001).
We then calculated the genotype distributions of miR-146a, miR-196a2, and miR-499 between the two study groups, as shown in Table 3 . There was a significant difference between the genotype distribution of miR-196a2 between hepatocellular carcinoma patients and control subjects according to the results of the chi-square test (c 2 = 17.23, P < 0.001), whereas no significant differences were found in the genotype frequencies of miR-196a2 (c 2 = 0.51, P = 0.776) and miR-499 (c 2 = 0.05, P = 0.976) between the two study groups. The genotype distributions of miR-146a, miR-196a2, and miR-499 were in agreement with the HWE in patients and controls. ALT = alanine-transaminase; AST = aspartate aminotransferase. The results of logistic regression analysis of the association between miR-146a, miR196a2, and miR-499 polymorphisms and the risk of hepatocellular carcinoma are shown in Table 4 . Using single factor logistic regression analysis, we found that only the miR-146a variant was correlated with the risk of developing hepatocellular carcinoma. We found that CG and GG genotypes of miR-146a significantly elevated the risk of hepatocellular carcinoma in comparison with the CC genotype, with adjusted ORs (95%CI) of 3.05 (1.07-8.70) and 4.96 (1.64-14.97), respectively. In the recessive model, the CG + GG genotype had a 3.75-fold risk of hepatocellular carcinoma in comparison with the CC genotype, with an adjusted OR (95%CI) of 3.75 (1.39-10.11). However, no significant association was observed between miR-196a2 and miR-499 variants and the risk of hepatocellular carcinoma in the co-dominant, dominant, and recessive models. Using Spearman interaction analysis, no significant interaction was observed between the miR-146a polymorphism and age, gender, alcohol consumption, family history of cancer, ALT, or AST (Table 5 ). 
CONCLUSION
In this study, we evaluated the relationship between miR-146a, miR-196a2, and miR-499 genetic polymorphisms and hepatocellular carcinoma risk, and found that the CG and GG genotypes of miR-146a contributed to the pathogenesis of the disease.
The miR-146a polymorphism is a G-to-C substitution that leads to an amino acid sequence change that causes a mismatch in the stem-loop of miRNA. One previous in vivo study has indicated that the GG genotype of miR-146a is associated with a high expression level of mature miR-146a, and contributes to cell proliferation and colony formation in hepatocellular cancer cells (Xu et al., 2008) , whereas the CC genotype elevates the expression level of mature miR-146a (Shen et al., 2008) . Therefore, a polymorphism in miR-146a could influence the expression and transcriptional regulation of miRNA with regards to its target genes.
Previous studies have reported a correlation between miR-146a genetic polymorphism and the development of a variety of cancers, such as papillary thyroid cancer, esophageal squamous cell carcinoma, bladder cancer, gastric cancer, and lung cancer (Deng et al., 2015; Liu et al., 2015; Qi et al., 2015; Shen et al., 2015a; Sodhi et al., 2015; Wei et al., 2015; Zhang et al., 2015b) . Zhang et al. (2015b) carried out a study in a Chinese population with 1238 papillary thyroid cancer patients and 1275 controls, and reported no significant association between the miR-146a polymorphism and the risk of papillary thyroid cancer in the Chinese population. Shen et al. (2015a) performed a case-control study in a Chinese population with 1400 esophageal squamous cell carcinoma patients and 2185 control subjects, and suggested that the miR-146a variant did not influence esophageal squamous cell carcinoma. Wei et al. (2015) carried out a meta-analysis of eight case-control studies, and reported that the miR146a variant might marginally contribute to a reduced risk of gastric cancer, especially in Caucasians. Sodhi et al. (2015) carried out a study on 250 lung cancer cases and 255 healthy controls, and reported that the miR-146a variant was associated with an increased risk of lung cancer. Liu et al. (2015) carried out a meta-analysis on 15 case-control studies, and reported that the miR-146a polymorphism may increase the risk of colorectal cancer.
The authors of several epidemiologic studies have reported an association between the miR-146a variant and the development of hepatocellular carcinoma in a variety of populations, but their findings are conflicting and inconclusive (Xu et al., 2008; Akkız et al., 2011; Zhang et al., 2011; Hu et al., 2013; Cong et al., 2014; Zhou et al., 2014; Li et al., 2015a,b; Qi et al., 2015; Yan et al., 2015) . The authors of other studies have reported similar results. Xu et al. (2008) carried out a study on 433 males and 46 females with hepatocellular carcinoma and 504 control subjects (444 males and 60 females), and reported that the GG genotype of the miR-146a variant contributed to susceptibility to hepatocellular carcinoma. Cong et al. (2014) carried out a study on 206 hepatocellular carcinoma patients (55 females and 151 males) and 217 controls (157 females and 60 males) in a Chinese population, and indicated that the GG genotype of the miR-146a polymorphism influenced the development of hepatocellular carcinoma, especially in HBV-infected patients. Zhou et al. (2014) performed a study consisting of 166 hepatocellular carcinoma patients (55 females and 151 males) and 281 controls (157 females and 60 males), and reported that the GG genotype of miR-146a was associated with an increased risk of hepatocellular carcinoma in China. However, the authors of some studies have reported inconsistent results. Akkız et al. (2011) carried out a study consisting of 222 subjects with hepatocellular carcinoma (178 males and 44 females) and 222 cancer-free control subjects (178 males and 44 females), and reported that the miR-146a polymorphism was not associated with the development of hepatocellular carcinoma in a Turkish population (Akkız et al., 2011) . Zhang et al. (2011) carried out a study including 963 hepatocellular carcinoma patients and 829 healthy controls, and discovered that the miR146a variant did not affect susceptibility to hepatocellular carcinoma. Li et al. (2015a) carried out a case-control study in a Chinese population consisting of 184 hepatocellular carcinoma patients (126 males and 58 females) and 184 control subjects (126 males and 58 females), and discovered that the miR-146a variant did not appear to affect genetic susceptibility to hepatocellular carcinoma. Yan et al. (2015) carried out a study consisting of 274 hepatocellular carcinoma patients (61 females and 213 males) and 328 controls (120 females and 208 males), and reported no association between the miR-146a genetic variant and hepatocellular carcinoma risk in a Chinese population. In our study, we found that the miR-146a genetic polymorphism contributes to hepatocellular carcinoma risk, which is consistent with the results of previous studies. The discrepancies between these studies may have been caused by differences in ethnicity, patient and control selection, and sample size.
Two limitations of this study should also be considered. First, we examined the associations between miR-146a, miR-196a2, and miR-499 polymorphisms and hepatocellular carcinoma risk, but did not investigate the expression levels of the miRNAs or their ability to target their associated mRNAs and influence cancer risk. Second, the sample size of our study was relatively small, which may have reduced its statistical power to reveal differences between the two investigated groups. Further studies with large-scale sample sizes are needed to confirm our findings.
In conclusion, we observed that the GG and CG genotypes of miR-146a contributed to an increased risk of hepatocellular carcinoma in the Chinese population under investigation.
